Three microbial strains isolated from common beans, 23C2
, Rhizobium mongolense USDA 1844 T and Rhizobium yanglingense CCBAU 71623 T . Phylogenetic analysis based on recA, atpD, dnaK and thrC sequences showed that the novel strains were closely related and could be distinguished from the four type strains of the closely related species. Strains 23C2 T , Gr42 and IE4868 could be also differentiated from their closest phylogenetic neighbours by their phenotypic and physiological properties and their fatty acid contents. All three strains harboured symbiotic genes specific to biovar gallicum. Levels of DNA-DNA relatedness between strain 23C2
T and the type strains of R. loessense, R. mongolense, R. gallicum and R.
yanglingense ranged from 58.1 to 61.5 %. The DNA G+C content of the genomic DNA of strain 23C2 T was 59.52 %. On the basis of these data, strains 23C2 T , Gr42 and IE4868 were considered to represent a novel species of the genus Rhizobium for which the name Rhizobium azibense is proposed. Strain 23C2 T (5CCBAU 101087 T 5HAMBI3541 T ) was designated as the type strain.
Common bean (Phaseolus vulgaris L.) has been shown to be nodulated by several species belonging to the genera Rhizobium, Ensifer and Burkholderia (Mhamdi et al., 2002; Martínez-Romero, 2003; Talbi et al., 2010; Aserse et al., 2012; Mnasri et al., 2012) . A recent study conducted in the north of Tunisia showed that P. vulgaris was nodulated by a group of unidentified rhizobia designated the strains 23C2 T and 23C55 (Mnasri et al., 2012) . On the basis of their 16S rRNA, recA and atpD gene sequences, these strains were clustered with a high bootstrap value with a group of strains designated Rhizobium gallicum Group 2, including strains Gr42 and Gr18 isolated from P. vulgaris in Spain and IE2751, IE2735 and IE4868 isolated from P. vulgaris in Mexico (Silva et al., 2005) . Their closest phylogenetic neighbours were R. gallicum, Rhizobium mongolense, Rhizobium loessense and Rhizobium yanglingense. All these strains harboured symbiotic genes specific to the symbiovar gallicum. More recently, another phylogenetic study of rhizobia isolated from diverse legumes grown in Ethiopia revealed the presence of a similar group of strains that was denoted genospecies (Ia) (Degefu et al., 2013) . In order to clarify further the phylogenetic position of these strains, three representatives originating from three continents, 23C2
T (Tunisia), GR42 (Spain) and IE4868 (Mexico) were investigated further.
Amplification and sequencing of the 16S rRNA genes was carried out according to the protocol of Mnasri et al. (2012) . Amplification and sequencing of recA, atpD, dnaK and thrC genes were carried out according to the methods of Islam et al. (2008) . The obtained sequences were compared with those from GenBank using the BLASTN program (Altschul et al., 1990) 
Bradyrhizobium japonicum were also compared with those from EzTaxon-e server (Kim et al., 2012) . Sequences were aligned using the CLUSTAL_X software (Thompson et al., 1997) . The distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees were inferred using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Rogers & Swofford, 1998) analyses. MEGA5 software (Tamura et al., 2011) was used for all analyses.
The level of 16S rRNA similarity was 100 % among strains 23C2 T , GR42 and IE4868. They showed 98.5-99 % similarity to R. loessense CCBAU 7190B Utilization of carbon source in Biolog GN2 microplates myo-Inositol (Fig. 1) . Phylogenetic analysis of the individual or concatenated housekeeping genes atpD, recA, thrC and dnaK showed that strains 23C2 T , Gr42 and IE4868 formed a well-supported cluster with a high bootstrap value (Fig.  2) . Levels of similarity in housekeeping genes with those of the most closely related taxa ranged from 93.4 % to 96.7 % ( Table 1) .
The infra-species diversity of these strains was assessed by repetitive element PCR as described by Mnasri et al. (2007b) . Results showed that the strains belonged to very similar but distinct clones (Fig. S1 available in the online Supplementary Material). DNA-DNA relatedness was determined by the initial renaturation rate method (De Ley et al., 1970) in 2 % SSC at 76 u C. The DNA-DNA hybridization values between strains 23C2
T , Gr42 and IE4868 ranged from 89 % to 92 % demonstrating that they belong to the same genomic species. However, the level of DNA-DNA relatedness between strain 23C2
T and the four type strains of R. gallicum, R. yanglingense, R. mongolense and R. loessense ranged from 58.1 % to 61.5 %. Therefore, given the recommended DNA-DNA relatedness cut-off point for species delineation of 70 % (Wayne et al., 1987; Stackebrandt & Goebel, 1994 ) strain 23C2
T should be regarded as representing a novel species of the genus Rhizobium. The DNA G+C content was determined by the thermal denaturation method (Mandel & Marmur, 1968) with DNA of Escherichia coli K-12 as standard. The DNA G+C content of strain 23C2
T was 59.52 mol% which is within the range reported for other species of the genus Rhizobium (Ramírez-Bahena et al., 2008; Tian et al., 2008) .
The phenotypic and physiological features of the novel isolates were determined and compared with those of the type strains of their closest relatives. The characteristics tested included the use of sole carbon and nitrogen sources, tolerance to NaCl, pH and temperature, resistance to antibiotics and fatty methyl ester content. The strains were grown on 0.16 TSA for 24 h and characterized with Biolog GN2 and GP2 microplates. Antibiotic resistance testing was carried out by using YEM plates supplemented with four concentrations of each antibiotic (5, 10, 50 and 80 mg ml
21
). The antibiotics used were streptomycin, kanamycin, ampicillin, neomycin, erythromycin, chloramphenicol and tetracycline. Tolerance to NaCl, pH and temperature was checked in liquid YEM (Mnasri et al., 2007a) . Fatty acid methyl esters were analysed according to the method of Sasser (1990) . Slight differences were observed between 23C2
T , Gr42 and IE4868 (Table S1 ), but they all showed several differences from R. gallicum R602sp T , R. mongolense USDA 1844 T , R. yanglingense CCBAU 71623 T and R. loessense CCBAU 7190B T ( Table 2 ). The novel strains differed clearly from R. gallicum R602sp T in metabolism of myo-inositol, methyl b-D-glucoside, L-serine, L-alaninamide, L-alanyl glycine and thymidine, resistance to kanamycin, sensitivity to neomycin and spectinomycin, growth in 0.8 % NaCl, growth at pH 6 and pH 9, growth at 37 u C and fatty methyl ester content for C 16 : 0 , C 18 : 0 , C 18 : 2 v6, C 20 : 4 v3 and C 20 : 4 v6. They differed from R. yanglingense CCBAU 71623 T in metabolism of L-alanylglycine, methyl b-D-glucoside, L-serine, formic acid and quinic acid, resistance to kanamycin, chloramphenicol and streptomycin, growth in 0.8 % NaCl, growth at 37 u C and fatty methyl ester content for C 16 : 0 , C 18 : 2 v6 and C 18 : 4 v3. They differed from R. mongolense USDA 1844
T in metabolism of myo-inositol, methyl b-Dglucoside, L-serine and uronic acid, resistance to kanamycin and streptomycin, sensitivity to neomycin, growth in 0.8 %NaCl, growth at pH 9 and fatty methyl ester content of C 18 : 0 , C 18 : 1 v7, C 18 : 2 v6 and C 20 : 4 v3. They differed also from R. loessense CCBAU 7190B
T in metabolism of Lfucose, myo-inositol, quinic acid, D-saccharic acid, Dgluconic acid, glycyl L-glutamic acid, L-pyroglutamic acid, carnitine, uronic acid and uridine, resistance to kanamycin, chloramphenicol and streptomycin, growth in 0.8 % NaCl, growth at pH 6 and fatty methyl ester content for C 16 : 0 , C 18 : 0 , C 18 : 1 v7, C 18 : 4 v3, C 20 : 4 v3, C 22 : 1 and C 24 : 4 v9.
In conclusion, our data collected using a polyphasic approach demonstrates that strains 23C2 T , Gr42 and IE4868 can be genotypically and phenotypically distinguished from their nearest phylogenetic neighbours and therefore represent a novel species. The name Rhizobium azibense sp. nov. is proposed to accommodate these isolates.
Description of Rhizobium azibense sp. nov.
Rhizobium azibense [a.zib.en9se. N.L. neut. adj. azibense of or pertaining to Azib (North Tunisia), referring to the origin of the type strain 23C2].
Gram-reaction-negative rods as for the other species of the genus. Colonies are white, circular, convex, semi-translucent and usually 3-6 mm in diameter after 4 days at 28 u C on YEM. No growth in 1 % (w/v) NaCl. The optimum pH is pH 8-8.5. The optimum temperature is 25-30 u C, can grow at 37 u C but not at 4 u C. No growth in LB medium or in media containing myo-inositol, Lalaninamide, L-serine, uronic acid, thymidine, L-alanyl glycine, formic acid, quinic acid or inosine. All strains grow on glucose, sucrose, mannitol and L-fucose. Resistant to kanamycin (10 mg ml 21 ) chloramphenicol (80 mg ml 21 ) and streptomycin (5 mg ml
) but susceptible to neomycin (5 mg ml
) and spectinomycin (5 mg ml
). The symbiotic genes harboured are specific to the broad host-range symbiovar, sv. gallicum.
The type strain, 23C2
T (5CCBAU 101087 T 5HAMBI3541 T ), was isolated from nitrogen-fixing nodules of Phaseolus vulgaris in North Tunisia. The DNA G+C content of the type strain is 59.52 %.
